Figure S2. Analysis of E2−E3 Binding Interaction
(A) Cul1−Rbx1 was partially neddylated as described in the experimental procedure followed by apyrase treatment. Partially neddylated Cul1−Rbx1 (0.5 µM) was incubated with 1 μM E2~His-Ub for 30 min at 23°C, followed by immunoprecipitation using Ni-NTA magnetic beads. Samples were resolved by SDS PAGE followed by western analysis using anti-Cul1 CTD and anti-ubiquitin antibodies. This experiment shows that Cul1−Rbx1 (−/+ neddylation) interacted with Cdc34~Ub with higher affinity than it did with UbcH5c~Ub (compare lanes 7 and 8). Quantification of the western revealed that with Cdc34~Ub (lane 7), neddylated Cul1−Rbx1 was enriched by 1.8 fold over unmodified Cul1−Rbx1 in the eluate relative to the load.
(B) FRET between Lumio Green-labeled Cdc34 and Cul1 (CFP)−Rbx1 can be competed off using unlabeled Cdc34. 50 nM Cul1 (CFP)−Rbx1, 200 nM labeled Cdc34 and 1 μM unlabeled Cdc34 were used in these FRET measurements that were performed as described in the experimental procedure. (A) Split form of Cul1 was co-expressed with Rbx1 and purified (Li et al., 2005) (B) Purified Nedd8 Cul1−Rbx1 as described in experimental procedure.
(C) β-TrCP (residues 139-569) and Skp1 were co-expressed in insect cells and purified (Li et al., 2005) . (C) K720R mutation in Cul1 does not affect ubiquitin ligase activity. Cdc34 (400 nM) was pre-incubated with 6 μM K48R ubiquitin in the presence of E1, ATP, and no Cul1-Rbx1 (lanes 1 through 6), 300 nM Cul1-Rbx1 (lanes 7 through 12), or 300 nM K720R
Cul1-Rbx1 (lanes 13 through 18) for 10 min. The reaction was initiated by adding D77 ubiquitin (250 μM) and aliquots were removed at indicated times and quenched with nonreducing SDS-PAGE sample buffer for gel analysis. The amount of diubiquitin was quantified by autoradiography and the rate of diubiquitin formation was estimated.
Figure S6. Components of p27 Ubiquitination Assay
(A) Skp1, Skp2 (full length) were co-expressed, purified and mixed with purified Cks1 to yield purified trimer.
(B) Cdk2 and Cyc E were co-expressed in insect cells and purified. p27 was expressed in E. coli and purified.
(C) Phosphorylated p27−Cdk2−CycE complex (850 nM) was ubiquitinated in the presence of E1, ATP, lysine-less ubiquitin (K0), 40 μM Cdc34, and 300 nM SCF
Skp2
(lanes 1 through 6) or 300 nM neddylated SCF Skp2 (lanes 7 through 12) for the indicated times at 23°C. Fraction of p27 ubiquitinated was plotted as a function of time.
(D) Same as in panel (C), but using 40 μM UbcH5c. or neddylated SCF Skp2 (lanes 8 through 14) for indicated times at 5°C. Substrate consumption was plotted as a function of time and fitted to single exponential decay to estimate rate of ubiquitin transfer. These reactions were carried out at both 23°C ( Figure   3A and 3B) and at 5°C ( Figure S11 ) to accurately estimate substrate turnover for the faster reactions (with neddylated SCF Skp2 ). Specifically, the rates at 23°C were extrapolated from the reactions at 5°C by using a conversion factor that accounted for difference in reaction rates with change in temperature.
(B) Same as in panel (A) but using 40 μM UbcH5c as the E2.
Figure S12. Neddylation Increases the Rate of Ub-NHOH and Diubiquitin Synthesis by Cdc34
(A) Quantification of relative discharge rate of Cdc34~Ub to Ub-NHOH ( Figure 4B ) was performed by measuring the amount of thioester as a function of time. Discharge rate with Cul1−Rbx1 and Nedd8 Cul1−Rbx1 were reported relative to minus Cul1−Rbx1 which was set to 1. Final values (mean ± SD) reported are average of 3 independent experiments.
(B) Cdc34 (40 μM) was pre-incubated with 200 μM K48R ubiquitin in the presence of 2 μM E1, ATP, and no Cul1-Rbx1 (lanes 1 through 7), 300 nM Cul1-Rbx1 (lanes 8 through 14), or 300 nM Nedd8-modified Cul1-Rbx1 (lanes 15 through 21) for 10 min at 23°C. The reaction was initiated by adding D77 ubiquitin (250 μM) and aliquots were removed at indicated times and quenched with non-reducing SDS-PAGE sample buffer.
Figure S13. Single Encounter Assay Using Ub−β-Catenin Substrate with Cdc34
(A) 32 P-labeled Ub−β-catenin (100 nM) was incubated with 40 μM Cdc34 and 300 nM SCF β-TrCP using three different order-of-addition schemes. In scheme 1 (lanes 2-4) reaction was initiated by mixing E1, E2 and Ub with E3 and labeled substrate. In scheme 2 (lanes 5-7) reaction was initiated by mixing E1, E2 and Ub with E3, labeled substrate and 100 μM cold peptide. In scheme 3 (lanes 8-10) reaction was initiated by mixing E1, E2, Ub and cold peptide with E3 and labeled substrate.
(B) Same as in panel (A) but using 300 nM Nedd8-modified SCF β-TrCP .
(C) Phosphoimager analysis of the results shown in (A) and (B). The number of ubiquitins conjugated is shown only for the modified substrates in a single binding event. 
Supplemental Experimental Procedures Preparation of Neddylated Cul1−Rbx1
Purified Cul1−Rbx1 (0.6 μM) was neddylated with 20 nM Nedd8 E1, 3.5 μM Ubc12, and 1.5 μM His-Nedd8 for 1 hr at 23°C in a buffer containing 20 mM Tris-Cl (pH 7.5), 5 mM MgCl 2 , 2 mM ATP, and 1 mM DTT. Neddylated Cul1−Rbx1 was purified to homogeneity using Mono S followed by Ni-NTA agarose and size exclusion chromatography.
Preparation of Cdc34~Ub Oxyester
Purified Cdc34 C95S, L99S mutant (20 μM) was esterified with 1 μM E1 and 32.5 μM His-Ub for 1 hr at 30°C in a buffer containing 50 mM Tris-Cl (pH 8.6), 5 mM MgCl 2 , and 2 mM ATP. Cdc34~Ub oxyester was subsequently purified using DEAE sepharose (G.E. Healthcare), followed by Ni-NTA agarose and size exclusion chromatography.
Preparation of Monoubiquitinated β-Catenin
Substrate β-catenin peptide was ubiquitinated with UbcH5c-SCF β-TrCP as described above, except 2 μM UbcH5c, 75 μM peptide and 150 μM His-Ub were used. The reaction (2 ml) was carried out for 5 hr followed by purification of the product using Ni-NTA agarose and size exclusion chromatography.
